Pairwise comparative statistical analyses of computed mean values of cephalometric parameters (mean ± standard deviation [SD] ) in millimeters between Vernier Caliper (1D anthropometry) and Akinlolu-Raji image-processing algorithm (3D anthropometry) measurements in male and female control subjects showed lower or higher values, but no significant differences (P B > 0.05) in 100% of measured parameters: Total face height, long forehead height, upper face height, morphological face height, nose height, and lower face height [ Figure 1 ]. The Bonferroni correction (P B ) method was employed to reduce the chances of obtaining false-positive results (Type I errors) declaring wrong significant difference when no significant difference exists. [4] [5] [6] Selection of subjects and determination of sample size Letters of approval for conduct of the study were received from managements of Kebbi State University of Science and Technology, Aliero; Adamu Augie College of Education, Argungu; School of Health Technology, Jega and Kebbi State School of Nursing and Midwifery, Birnin Kebbi, from where Hausa subjects (150 males and 150 females, aged 18-36 years) were locally selected; and Osun State University, Okuku Campus from where Yoruba subjects (150 males and 150 females, aged 15-33 years) were locally selected for the study using the purposive technique or judgment sampling method, [7] [8] [9] [10] [11] only when established via distributed questionnaires as Hausa or Yorubas by parents and grandparents. Informed consents were obtained from selected subjects in accordance with ethical guidelines of the Helsinki Declaration of 1975, as revised in 2000.
Data collection and evaluated facial cephalometric parameters
Data on height and bodyweight, parents and grandparents ethnic origin, local government area, state of origin, and facial photographs were obtained from each subject. Photographs of subjects were taken with 3D SONY cyber-shot DSC-HX7V camera (Sony Electronics Incorporated, San Diego, USA) using modified procedures for standardized photography. [12] Cephalometric or biometric measurements of the mouth (in millimeters) were computed from readings of the Akinlolu-Raji image-processing algorithm on facial photographs of each subject. Measured height (meters) in Hausas ranged from 1.6 to 1.9 in males and 1.3-1.8 in females while the range of bodyweight in kilograms was 45-85 in males and 43-70 in females. Measured height (meters) in Yorubas ranged from 1.5 to 1.8 in males and 1.2-1.7 in females while the range of bodyweight in kilograms was 46-80 in males and 45-72 in females.
Width of the nasal root (maxillofrontale-maxillofrontale), nose height or nose length (nasion-subnasale), nose width (alare-alare), nasal bridge length (nasion-pronasale), nasal tip protrusion (subnasale-pronasale), nasal index (nose width divided by nose height × 100), facial width (zygion-zygion), and nasofacial proportion (nose width to facial width ratio) were evaluated in this study [ Figures 2 and 3] .
Development of the Akinlolu-Raji image-processing algorithm for face recognition.
Digital image processing uses computer algorithms to process images for recognition by an electronic or computer medium. [13] [14] [15] It uses input data generated from images to produce deciding features that represent the scenes in the image. [13] [14] [15] The Akinlolu-Raji image- processing algorithm for forensic face recognition was developed using the modified computer programing principle of row method. [14] [15] [16] In the row method, each picture element (pixel) given by a number or three-set of numbers called gray scale depending on the color and texture of the image portion being represented was considered column by column along a row until all the rows were covered. The gray scale of each cell was confirmed to represent the color of the marked points previously set as the threshold gray scale. The coordinates of any detected point were noted and recorded. [14] [15] [16] Since some of the detected points were not at same horizontal or vertical levels, the Pythagoras theorem was used to calculate the pixel distance before converting to actual distance using the pixels of the reference points and their computed distances as read by the image-processing algorithm. [14] [15] [16] 
Statistical analyses
Data collected from biometric measurements of the nose and calculations of proportions were statistically analyzed using the 2010 Microsoft Excel Statistical software of personal computer manufactured by TOSHIBA Incorporations. The two sample Z-test method (used when the sample size is >30) was employed for statistical significance pairwise comparisons of computed means of biometric measurements of the nose by sex and tribe. The alpha value for test of significance was set at P ≤ 0.05.
RESULTS

Biometric measurements of the nose by sex
Statistical analyses of measurements of the nose (Mean ± SD in millimeters) in Hausas showed nonsignificant higher mean values (P > 0.05) in 100% of measured parameters: Width of nasal root, nasal bridge length, nasal tip protrusion, nose height, and nose width in males compared to females. The nasal index was higher in Hausa males than in females [ Table 1 ].
However, statistical analyses of measurements of the nose (mean ± SD in millimeters) showed nonsignificant lower mean values (P > 0.05) in 20% of parameters: Nasal tip protrusion, but nonsignificant higher mean values (P > 0.05) in 80% of parameters: Width of nasal root, nasal bridge length, nose height, and nose width in Yoruba males compared to females. The nasal index was lower in Yoruba males than in females [ Table 1 ].
Biometric measurements of the nose by tribe
Statistical analyses of measurements of the nose (Mean ± SD in millimeters) showed nonsignificant higher mean values (P > 0.05) in 20% of parameters: Width of nasal root, but nonsignificant lower mean values (P > 0.05) in 80% of parameters: Nasal bridge length, nasal tip protrusion, nose height, and nose width in Hausa males compared to Yoruba males. The nasal index was lower in Hausa males than in Yoruba males [ Table 2 ].
Similarly, statistical analyses of measurements of the nose (Mean ± SD in millimeters) showed nonsignificant higher mean values (P > 0.05) in 20% of parameters: Width of nasal root, but nonsignificant lower mean values (P > 0.05) in 80% of parameters: Nasal bridge length, nasal tip protrusion, nose height, and nose width in Hausa females compared to Yoruba females. The nasal index was lower in Hausa females than in Yoruba females [ Table 2 ]. Nasofacial proportions by sex and tribe Comparative nasofacial proportion showed lower value in Hausa males compared with females, but same values in Yoruba males and females [ Table 3 ]. Furthermore, nasofacial proportions showed lower values in Hausa males when compared to Yoruba males. Similarly, the lower nasofacial proportion was observed in Hausa females compared to Yoruba females [ Table 3 ].
DISCUSSION
Anthropometry as an anthropological technique is of great importance to forensic anthropology, an aspect of forensic science that deals with the establishment of human identity. [17] 1D anthropometry reads distances between soft-tissue landmarks using calipers or measuring tapes. [7, 9, 18] The demerits of 1D anthropometry include excessive time consumption, possible distortion of soft tissue by its equipment which may introduce errors, errors of identifications and readings of anthropometric distances between operators, and limited shape information. [7, 18] Digital anthropometry could be 2D or 3D and are employed in face recognition systems for computing biometric parameters.
The face recognition system (2D or 3D) employs computerized algorithms for face recognition and is the most widely used method of identification or authentication of identity in civil and criminal investigations for forensic analyses and face detection purposes. [19, 20] 2D facial recognition system uses 2D or photoanthropometry with measurements read on 2D images and is limited by physical appearance changes, changes in lighting intensity, aging, pose, and the inability to provide structural information of surface curvature and geodesic distances about the face. [19] [20] [21] The 3D facial recognition system, in contrast, provides more accurate data, faster data speed acquisition, complete and real information of shapes, texture and color, and allows representation of shapes or landmarks by set coordinates. [19] [20] [21] [22] It shows a high level of accuracy and reliability and is more robust to face variations due to different factors. Its pose can easily be corrected by rigid rotations in 3D space. Its algorithm is compatible with variations in illumination conditions during image acquisition [19, 20] and is applicable to both the 2D and 3D face recognition systems. 3D facial recognition system uses 3D digital image technology devices such as surveillance videos, cameras, and scanners with 3D anthropometry for computing biometric parameters. [22, 23] Hence, 3D anthropometry has potentials in growth assessment studies, quantification of facial morphology, assessment of facial deformity, clinical analyses, anaplastology, genotypic-phenotypic studies of syndromes, and forensic investigations. [22] [23] [24] Results of biometric measurements of the nose (Mean ± SD in millimeters) showed statistically nonsignificant higher mean values (P > 0.05) of measured parameters in Hausa (100%) and Yoruba (80%) males compared to females [ [25] and higher nasal indices in Yorubas (100 in males and 94.1 in females) than in Hausas (71 in males and 67.2 in females), aged 17-25 years, resident in Kano, Kano State of Nigeria. [26] Analyses of mean values in millimeters of width of nasal root showed lower values in males of Hausas: 18 and Yorubas: 17 when compared to those of previous 1D anthropometric studies in Chinese: 18.3, aged 18-66 years, [27] African American: 27, aged 18-30 years, [28] and North American whites: 19.6 males. [28] Comparisons of mean values in millimeters of width of nasal root showed lower mean values in females of Hausas: 15 and Yorubas: 14 when compared to those of previous 1D anthropometric studies in Chinese: 17.3, aged 18-66 years, [27] Korean Americans: 21.1, aged 18-35 years, [29] and North American whites: 18.4 females. [29] Comparative analyses of mean values in millimeters of nasal bridge length showed lower values in males of Hausas: 32 and Yorubas: 36 when compared to those of previous 1D anthropometric studies in males of African Americans: 45.4, aged 18-30 years [28] and North American Whites: 50. [28] Computed nasal bridge length values in females from other ethnic groups could not be obtained for comparative analyses with those of Hausas and Yorubas examined in the present study.
The nasal index is evaluated as the percentage ratio of the nose width to the nose height. [30, 31] The nose is classified, based on the nasal index (NI) as leptorrhine or long narrow nose (NI less than or equal to 69.90), mesorrhine or medium nose (NI of 70.0-84.90) and platyrrhine or broad nose (NI greater than or equal to 85.0). [30, 31] The leptorrhine nose type is characteristic of Caucasians while the mesorrhine and platyrrhine nose types are associated with Caucasoids of Indo-Aryan ancestry and Blacks. [31] The computed nasal indices in the present study implied that Hausas (NI: 85 in males and 91.2 in females) have the platyrrhine nose type while the Yorubas (NI: 84 in males and 82.1 in females) have the mesorrhine nose type.
The platyrrhine nose type in Hausas of the present study is in disagreement with previous 1D studies which reported the mesorrhine nose type in Hausa males (NI: 71) and the leptorrhine nose type in Hausa females (NI: 67.2), aged 17-25 years, in Kano, Kano State of Nigeria. [26] The platyrhhine nose type in Hausas of the present study is, however, in agreement with previous 1D studies which reported platyrrhine nose type of Benins (NI: 97.65 in males and 96.99 in females), aged 21-25 years, of Edo State, [32] Igbos (NI: 95.8 in males and 90.8 in females), aged 18-30 years, resident in Delta and Imo States [33] of Nigeria, and Angolan males (NI: 93), aged 18-30 years. [34] The mesorrhine nose type observed in Yorubas of the present study is in disagreement with previous 1D studies which reported the platyrrhine nose type in Yorubas (NI: 90.0 in males and 88.1 in females) resident in Osun and Oyo States, aged 18-30 years [33] and Yorubas resident in Kano State (NI: 100 in males and 94.1 in females) [26] of Nigeria. However, the mesorrhine nose type in Yorubas of the present study is in agreement with previous 1D studies which reported mesorrhine nose type in Andonis (NI: 79.83 in males and 83.77 in females) [35] and Ikwerre males (NI: 84.81) of River State, Nigeria, [30] Angolan females (NI: 74.2) [34] and African Americans (NI: 83.2 in males and 79.2 in females). [34] In addition, the mesorrhine nose type in Yorubas of the present study is in agreement with previous 1D studies which reported mesorrhine nose type in Arabs (NI: 74.48), Indians (NI: 72.4) and Singaporeans (NI: 72.4). [31] However, the platyrrhine nose type in Hausas and the mesorrhine nose type in Yorubas observed in the present study expectedly disagreed with previous 1D studies which reported leptorrhine nose type in Serbians: (NI: 67.56 in males and 66.01 in females), [31] North American Whites (NI: 65.5 in males and 64.2 in females), [34] Armenians (NI: 63.8) and Turkish citizens (NI: 61.45). [31] This observation could possibly be due to ethnic variations between Blacks and Caucasians. The reported leptorrhine nose type in Hausa females [26] could have been as a result of errors of identifications of soft-tissue landmarks and readings of anthropometric distances in 1D studies. [36] Such errors of measurements are not obtainable in 3D anthropometry which represents soft-tissue landmarks with set co-ordinates and provides more accurate data. The observed mesorrhine nose type in Yorubas and the platyrrhine nose types in Hausas in the present study as expected of nose classifications of Blacks, further confirm that the novel image-processing algorithm developed can be used to compute cephalometric measurements.
Comparative nasofacial proportion showed lower value in Hausa males compared to females, but same values in Yoruba males and females. In addition, evaluated nasofacial proportions showed lower values in Hausas compared to Yorubas in both sexes [ Table 3 ]. The results of nasofacial proportions (nose width to facial width ratio) implied that the nose width occupied <40% of the facial width in Hausas (35% in males and 36% in females) and Yorubas (37% in males and 37% in females). These findings are in agreement with the observations of a previous study, which reported that the nose width occupied <40% of the facial width in African American women, aged 18-30 years. [36] CONCLUSIONS 
